Abstract
Introduction
A smart space can be defined as a dynamic grouping of network components that attempts to integrate the physical world of users and devices with the virtual world of services and applications [1] [2] . With the increasing popularity of mobile portable devices and the availability of wireless network technologies, it is easy to see that smart spaces will be enhanced if each real-world entity has a dedicated representative in the virtual world which can exhibit smartness [3] [4] .
Although several technologies are available for implementing and experimenting with the concept of smart spaces, mobile agent technology is one of the better-suited technologies available. The fundamental characteristics of autonomy, mobility, intelligence, social ability and pro-activeness and goal orientation [5] [6] [13] make mobile agents ideally suited for representing real-world entities in the virtual world.
In this paper, we state that smart spaces should not be confined to physical boundaries but transcend them, and that virtual counterparts of real world entities can be used to enhance smart spaces. We have designed the Smart Seminar Room, an application based upon the concept of smart spaces, in which mobile agents act as smart virtual counterparts. Each user is represented in the virtual world by a software agent. This paper is structured as follows. Section 2 discusses the smart virtual presence of real world entities. Section 3 describes the approach we have adopted in designing the Smart Seminar Room. Section 4 gives an overview of the Smart Seminar Room architecture and a detailed description of our design and implementation. Section 5 concludes the paper.
Smart Virtual Presence of Real World Entities
Real world entities can be divided into three categories -people, places and things [7] . While each real world entity can have several active and passive virtual counterparts, we are more concerned with the active virtual counterparts. Research on the concept of smart spaces/smart environments takes the approach that the smart space has a finite physical boundary [7] [8] [9] within which it exhibits smart behaviour. This approach has been adopted by Hewlett Packard's CoolTown project (www.cooltown.com) and AT & T Laboratories' Sentient Computing Project (www.uk.research.att.com/spirit/) among others, where virtual counterparts of users interact with services within smart spaces. In [4] , the virtual counterparts of services migrate to the mobile user's device and provide location dependant services whenever the user enters the confines of the smart space.
In the scenarios mentioned above, the user is required to physically enter the smart space if he/she is to avail of the services offered. We take the approach that users can use services provided within smart spaces irrespective of their physical location via logical mobility. In an ideal situation, a smart space would be able to provide two kinds of services -services that are inspired by the physical entities and can generally be accessed within the physical boundaries, and services that are about physical entities themselves and can be accessed from both within and outside the smart space as shown in Figure 1 . Services are supplied by, or based around people, places and things. Services offered in smart spaces should be able to provide users and devices the convenience of easy and widespread access. In smart spaces, services are provided by the virtual counterparts of real world entities and are used by the virtual counterparts of real world entities as shown in Figure 2 . We can have several real world entities offering different kinds of services within a smart space. While some services can be accessible through passive virtual counterparts, others can be accessible via the active virtual counterparts. Traditionally services offered by real world entities are user-driven and require user participation. However, with the advent of ubiquitous and pervasive computing, we are moving away from a world in which service interactions are user-driven towards a world in which service interactions would be agent-driven and users would only be concerned with the end results and not how they were achieved.
Approach
In order to achieve effective and personalized interaction with smart spaces, it is necessary to take the user's context into account. Keeping this in mind, we have adopted a user-centric approach while designing the Smart Seminar Room. In our design, each user is represented by a software agent, which acts according to input from the user and dialogues, communicates and negotiates with other agents in the smart space. We have modelled three types of agents in our design:
• User Agents: these are the smart virtual counterparts of the users that negotiate services with the smart spaces on their behalf.
• Service/System Agents: these agents are also smart virtual counterparts of real world entities (people, places or things), which are specialized to the kind of service they provide to user agents.
• Interface Agents: these agents do not represent any real world entities in the virtual world. They interact with the user agents and the service agents.
The interaction between the user and the user agent is of great significance since with the mobility of users, their context changes constantly. The agent can take input from the user in two ways -explicitly from the user via different means such as a graphical user interface or speech, and implicitly from a smart to do list [10] which the agent developer has already prepared. This user input is then transformed into a service request, which is submitted to the smart environment.
Smart Seminar Room Design and Implementation

Design
The Smart Seminar Room is based upon the concept of smart spaces. It aims to support the nomadic users of lecture theatres namely lecturers and students in universities. The basic functionality of the Smart Seminar Room focuses on the ability of a user to delegate agents from his/her device (such as palmtop, laptop or a desktop) to access the services about the lecture theatre such as making bookings, checking available facilities etc.
Each interaction between the user and the seminar room is taken care of by their virtual counterparts. Table 1 below shows the real world entities and their  virtual counterparts while Table 2 shows the services available to each type of user of the Smart Seminar Room. Figure 3 shows the different users of the Smart Seminar Room and their virtual counterparts as well as the virtual counterpart of the seminar hall that offers different levels of services depending upon user-type. The following scenario demonstrates an interesting case of interaction of the smart virtual counterparts with each other and with their physical counterparts. Let us consider the case where a lecturer at location 'A' in Figure 4 wants to book a seminar hall for a particular time slot. The lecturer can trigger the Lecturer Agent, which in turn invokes the Booking Agent that migrates to the Smart Seminar Room. This is represented in Figure 4 as '1'. It then interacts with the Seminar Hall Agent and tries to make the booking. If the seminar hall has been booked by another lecturer at location B, it returns back to its user device at location A and and informs Lecturer A that the hall has been booked by lecturer B for that specific time slot. This movement is represented as '2' in the figure. If lecturer A wants to negotiate the booking with lecturer B, he/she instructs the Lecturer Agent A which then delegates the Booking agent to migrate to location B to negotiate the booking as indicated by '3' in Figure 4 . On reaching the mobile device of lecturer B, Booking Agent A tries to negotiate the booking with the Negotiation agent at location B. If the negotiation is successful, the Booking agent once again migrates to the Smart Seminar Room, cancels the booking made by lecturer B and makes the new booking. This migration is indicated in the figure by '5'. Once booking has been made, the agent returns to back to location A along '2'. If the negotiation fails, then the agent returns back to location A from location B as indicated by '4' and informs the lecturer about the failed negotiation. This interaction shows how software mobile agents can be effectively deployed in the Smart Seminar Room to better represent the real world entities (people, places and things) and provide a richer level of interaction within the virtual world.
Implementation
The Smart Seminar Room was implemented using the Grasshopper Mobile Agent Toolkit [11] which has been developed compliant to the Mobile Agent System Interoperability Facility (MASIF) standards [12] . The Smart Seminar Room chiefly consists of two components -the user device on which the user agents are created and reside and the system device on which the Seminar-Hall agent resides and offers services. Depending upon the type of user and the user needs, the Query Agent, the Booking Agent, Negotiation Agent or the Update Agent are initiated in the user device. These agents are mobile and migrate to the system device of the Smart Seminar Room and interact with the Seminar Hall Agent to process the queries input by the users.
While the Seminar Hall device is always up and running, and is registered with a region registry, the users can start up their devices as and when they want to use the Smart Seminar System. Once they have finished using the services of the system, they can choose to close the application. However in the case of the lecturers, the agency on the user device has to be up and running throughout the life cycle of the system in order to facilitate the negotiation of bookings. Negotiation is performed on the user device of the Lecturer. The first step in running this system is to have the Region Registry running. Once the Region Registry is started up and is running, the Server agency (representing the Seminar Hall Agent) has to be started on the system device and registered with the Region Registry. Similarly all the users of the system have to start up the Grasshopper agencies in their respective user devices and register with the Region Registry.
Conclusion
In this paper we have stated that the concept of smart spaces should not be confined to physical boundaries but should transcend them. Also with the availability of ubiquitous and mobile computing environments, it is possible to enhance smart spaces by deploying the smart virtual counterparts of real world entities. Mobile agents can be used to link the physical world of people, places and things with the virtual world of services and applications. They can be used to provide personalized interactions with smart environments and provide location independent services to the user's mobile, portable computing device. This has been demonstrated by implementing the Smart Seminar Room using the Grasshopper Mobile Agent toolkit.
